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BHEL, 
Corporate R&D Division, The diagnosis and cause analysis of rolling-element bearing failure have been well stud- 
Vikas Nagar, Hyderabad-500 093 ied and established in literature. Failure of bearings due to unforeseen causes were 
India reported as: puncturing of bearings insulation; grease deterioration; grease pipe contact- 


ing the motor base frame; unshielded instrumentation cable; the bearing operating under 
the influence of magnetic flux, etc. These causes lead to the passage of electric current 
through the bearings of motors and alternators and deteriorate them in due course. But, 
bearing failure due to localized electrical current between track surfaces of races and 
rolling-elements has not been hitherto diagnosed and analyzed. This paper reports the 
cause of generation of localized current in presence of shaft voltage. Also, it brings out 
the developed theoretical model to determine the value of localized current density de- 
pending on dimensional parameters, shaft voltage, contact resistance, frequency of rota- 
tion of shaft and rolling-elements of a bearing. Furthermore, failure caused by flow of 


localized current has been experimentally investigated. [DOI: 10.1115/1.1467638] 
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1 Introduction 


1.1 Causes of Shaft Voltages and Flow of Current 
Through Bearings. Shaft Voltages exist in electrical machines 
as a result of asymmetries of various faults, i.e., winding faults, 
unbalanced supplies, electrostatic effects, air-gap fields, magne- 
tized shaft and asymmetries of magnetic fields, etc. The causes of 
shaft voltage can be grouped into four categories, namely: 


e external causes 

e magnetic flux in the shaft 
e homopolar magnetic flux 
e ring magnetic flux 


Furthermore, friction between the belt and pulley can set up an 
electrostatic voltage between the shaft and bearings. Accidental 
grounding of a part of the rotor winding to the rotor core can lead 
to stray currents through the shaft and bearings, and can result in 
the permanent magnetization of the shaft. Also, the shaft voltage 
and current could be generated when the machine is rotated. Ho- 
mopolar flux can result from an air gap or rotor eccentricity, and 
this can generate voltage (Prashad [1], Bradford [2]). 

The most important cause of bearing current is the linkage of 
alternating flux with the shaft. The flux flows perpendicularly to 
the axis of the shaft and pulsates in the stator and rotor cores. It is 
caused by asymmetries in the magnetic circuit of the machine, 
such as: 


uneven air gap and rotor eccentricity 

split stator and rotor core 

segmented punchings 

axial holes through the cores for ventilation or clamping pur- 
poses 

key ways for maintaining the core stackings 
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e segments of different permeability 


All the causes listed above develop a magnetic flux, which 
closes in the circumference over the yoke and induces voltage on 
the shaft as the machine rotates. This results in a localized current 
at each bearing rather than a potential difference between the 
shaft ends. A current path, however, along shaft, bearings and 
frame results in a potential difference between the shaft ends 
(Prashad [3]). 

It has been reported that at a certain threshold voltage, depend- 
ing on the resistivity of the lubricant and operating conditions, 
current flows through the bearing (Prashad [4]). Also, it was es- 
tablished by Busse et al. [5] that the dielectric strength of the 
lubricant is the ability to withstand voltage without breakdown. 
Prashad [6] studied that the flow of circular current in the inner 
race leaks through the rolling-elements to the outer race by fol- 
lowing a path of least resistance and establishes a field strength 
leading to the development of magnetic flux on the track surface 
of races and rolling-elements. Also, this has been experimentally 
investigated. 

Studies were reported on the causes and control of electrical 
currents in bearings by Morgan and Wyllie [7]. Andreason [8] 
determined flow of current through lubricated contacts. Simpson 
and Crump [9] studied the effect of electrical current on bearing 
life. The effect of operating parameters on an impedance response 
of a rolling element bearing analyzed by Prashad [4,10]. The de- 
terioration of lubricants used in non-insulated bearings investi- 
gated by Komatsuzaki [11], Prashad [12], and by Mas Remy and 
Albert Magnin [13]. Investigations were also carried out to evalu- 
ate the pitting mechanism of lubricated surface under a.c. electric 
current by Lin et al. [14], and by Chiou et al. [15]. 

The surveys of the failure of rolling-element bearings indicate 
various causes including that of failure due to corrugations by 
Winder and Wolfe [16] and by Prashad [17,18]. The mechanism of 
corrugations formed on the track surfaces and related investiga- 
tions were reported by the author [3,19]. In addition to the well- 
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Fig. 1 Schematic diagram showing bearing arrangement with 
lubricant flow path, unshielded instrumentation cable and 
other causes leading to the passage of electric current 


established causes, the bearing may also fail due to the causes 
generally unforeseen during design and operation. These causes 
have been discussed by Prashad [20]. 

This paper presents with the help of case study the failure of 
bearings of motors by the effect of localized electrical current 
between track surface of races and rolling-elements under the con- 
ditions when the other causes of bearing failure have been ruled 
out by all possible investigations. Also, the principle for genera- 
tion of localized current has been established and analyzed along 
with the development of theoretical model to determine its value. 


2 Bearing Arrangement and Nature of Bearing 
Failure 


Failure of bearings was detected in a few motors. These motors 
rated 2100 Kw, operating at 1494 rpm, have a three-bearing ar- 
rangement. The motors are used to drive primary air fans. 

At the non-drive end (NDE) of the motor, the bearing type NU 
228 is used and is insulated. Figure 1 shows the arrangement of 
the bearing in the motor. At the drive-end (DE) of the motor, roller 
bearing type NU 232 and ball bearing type 6332 are used for 
taking both radial and axial loads simultaneously. All the bearings 
are grease lubricated, and the motors are designed for continuous 
operation with periodic re-lubrication. Bearings are also instru- 
mented for continuous measurement of the temperature during 
operation. 

After commissioning, a few motor bearings both on NDE and 
DE failed prematurely. The nature of the failure was due to the 
formation of corrugations and flutings on the roller tracks of races 
besides corrosion on the raceways and rolling-elements, irrespec- 
tive of the make of the bearings used. Typical corrugation pattern 
on the track surface of a failed bearing is shown in Fig. 2. How- 
ever, the depth of corrugations and degree of development of cor- 
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Fig. 2 Typical corrugation pattern on the track surface of a 
failed bearing under the influence of electrical current 


rugations and flux density were different on various failed bear- 
ings. The original color of the grease in between the rolling- 
elements was also found to change and became black. 


3 Investigations, Observations, and Data Collection 


Various investigations pertaining to shaft voltage and vibrations 
were carried out on bearings of different motors, both on NDE 
and DE, and various other related aspects were inspected. The 
shaft voltages were measured between NDE and DE shaft, DE 
shaft-to-ground, and NDE shaft-to-ground. Vibration levels were 
measured in microns and mm/s at both NDE and DE bearings. 
The dimensional accuracy of new bearings were checked and 
found to be in line with the specifications. Inspection of dimen- 
sional accuracy and metallurgical examinations of the components 
of the failed bearings also revealed consistency with the specifi- 
cations. Various failed bearings were examined. Samples of fresh 
grease and used grease from the rolling-elements of the failed 
bearings were collected and analyzed. 

None of the following causes of the bearing failure could be 
established, which might have lead to passage of current though 
bearings (Fig. 1). 

1 Grease pipe was not in contact with the base frame in any of the 
motors. 

2 Current path through bearings via collection of leaked grease 
and base frame was not detected. 

3 All the instrumentation cables were completely shielded. 

4 Insulation of the bearings was fully intact in all the failed motor 
bearings. This was established by value of high resistance mea- 
sured across the bearing insulation. 

5 Passage of current through connecting bolts, nuts etc. could not 
be established in any of the failed motor bearings. 

The shaft voltage at the site on these failed motor bearings was 
measured as 1600 mV before and after the replacement of failed 
bearings. Shaft voltage at the works during the test run was also 
recorded as high as 500 mV for these motors as compared to other 
motors. The difference of shaft voltage measured at the sites and 
the works may be attributed to the used analogue/digital devices 
besides the coupled mode of operation and other unforeseen 
causes. For other normal running motors, shaft voltage as mea- 
sured was less then 200 mV. The failure of NU 228 bearings was 
reported at the site on these motors after a run of approximately 
300 hr. A grounding brush was not used in all such motors as a 
practice. Furthermore, there was not adequate space available on 
the shaft to install the grounding brush. 
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4 Theoretical Model and Approach 


In a rolling-element bearing using low resistivity lubricant 
(10° ohm-m) in the presence of shaft voltage, current can flow 
through the bearings. This occurs in all such cases when current 
finds a low resistance path to flow as brought out in Section 3. But 
when the current does not find a way to pass through the any of 
the paths as listed in Section 3, and the shaft voltage is more than 
the threshold voltage/safe voltage (>200 mV), a substantial level 
of localized current between the rolling-elements and the track 
surface of the inner race may appear which may deteriorate the 
bearing and disintegrate the lubricant in course of time causing 
flux density distribution, corrosion and blackening of the track 
surface as reported by Prashad [20]. This reduces the fatigue life 
of bearings and lead to premature failure. 

The existing shaft voltage on the rotating shaft induces the volt- 
age on the track surface of rolling-elements. Since the rolling- 
element rotates at much higher frequency than the shaft rotating 
speed (Prashad [19,21]), this leads to generate higher voltage on 
the surface of rolling-elements as per principles of electric fields 
and electromagnetics (Starling [22]). Thus, potential difference 
between inner race and rolling-elements is developed. Revolution 
of rolling-elements along the track surface further affects the in- 
duced voltage on the track surface of the rolling-elements besides 
their rotation around their own axis. This makes the analytical 
model quite complex. However, the potential difference between 
rotating shaft/inner race and rolling-elements lead to passage of 
localized current at the contact surface depending on the contact 
resistance between the contact zone of track surface of the inner 
race and the rolling-elements. The induced voltage phenomenon 
also occurs between the track surface of the outer race and the 
rolling-elements. Furthermore, the flow of localized current be- 
tween the inner race and the rolling-elements depending on the 
different points of contacts during rotation turns into circular cur- 
rent in the inner race and rolling-elements quite frequently in the 
course of operation. The proximity contact of rolling-elements 
with the outer race may lead to flow of current through the outer 
race for a short duration. This flow of partial/full circular current 
established the field strength leading to the development of re- 
sidual magnetic flux on the track surface of races and rolling- 
elements in due course (Prashad [6]). 

It may be imagined that current enters the track surface of the 
inner race due to the developed potential drop between rolling- 
elements and track surface of the inner race in the loaded zone at 
the surfaces of contact points between them, in a distributed form. 
The current flows around and outward until it concentrates at one 
or several rolling-contacts. As the rolling-elements orbit, the cur- 
rent carrying elements travel. Current then flows through each of 
the conducting rolling-elements, between two diametrically oppo- 
site contact areas. As the rolling-elements rotate with respect to 
the contact areas, these currents gradually might sweep out 360 
deg around a major circle. If there was only one conducting 
rolling-element at a time, then two arc currents would travel in the 
race towards its contact areas one clockwise and one counter 
clockwise. Depending on the resistance these two currents may or 
may not be equal in magnitude. If more than one rolling-element 
contacts, then, of course, the situation is more complex. In the 
theoretical model, current flow in one direction in the inner race is 
assumed for analysis. The flow and break of flow of localized 
electrical current continues depending on condition and regime of 
operation. 


5 Determination of Speed of Rolling-Elements 


Under pure rolling, the absolute velocity at a point located on 
the circumference of a rolling-element is equal to the circumfer- 
ential speed of the inner race. Simultaneously, on an opposite 
point (at 180 deg) of the same rolling-element contacts the sta- 
tionary outer race. The absolute speed of each point on the rolling- 
element is a combination of the speed of the rolling-element 
around its axis and the speed of the set of rolling-elements around 
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the bearing axis. The absolute velocities of the two points 180 deg 
apart on the diameter of the rolling-element are parallel and vary 
linearly between the velocities at the points of contact on the inner 
and outer race. 

With the above analysis, the rotating speed frequency of the 
rolling-elements has been determined as [19]: 


f,=0.5. f,(D/d)[1—(d/D)? cos? a] (1) 


The ratio of the speed of rotation of rolling-elements and shaft 
speed is given as: 


V s=fp/f,=0.5 D/d[1—(d/D)* cos? a] (2) 


For a radial cylindrical roller bearing, a=0 
So, 


V,,=0.5[(D?—d?)/dD] (3) 


6 Induced Voltage on Rolling-Elements 


As the shaft voltage (E) develops and changes with time, the 
voltage on the track surface of the inner race, E;,, accordingly 
changes. This is because the inner race is press fitted on the shaft, 
and it is considered integral with the shaft. The voltage on the 
track surface of rotating inner race, E;,, induces the voltage on 
the rolling-elements rotating around their own axis and moving 
along the track surface of the inner and outer races. This makes 
the phenomenon of induced voltage very complex. 

The rotating rolling-elements loop may be considered as a type 
of alternating current generator or in other words, rolling-elements 
develop voltage depending on the speed of rotation. The voltage 
in the absolute term is more on those surfaces of rolling-elements, 
which are at right angles to the existing field because of shaft 
voltage on track surface of inner race and zero on the parallel 
surfaces to the field. The developed voltage on rolling-elements 
broadly depends on the area of such loop formed by rotating 
rolling-elements and not on their shapes. The voltages, thus de- 
veloped on the surfaces of rolling-elements, (£;,.), depend on the 
rotating speed of the rolling-elements besides other electromag- 
netic factors. Considering the ratio of the speed of rolling- 
elements with respect to the shaft speed, V,,, the voltage on the 
rolling-elements (£,.) is taken as the product of V,, and shaft 
voltage (E) using principles of electrical current theory (Starling 
[22]). This leads to determine the potential difference between 
rolling-elements and track surface of inner race as: 


Eny mE, Ej, (4) 


On using Eq. (3), the potential difference E,;, is determined as 
(where, E;,=E, and E,=E. Vps) 


Epir ENV pE (5) 
Or, 
E,;,= E[(D?—d*—2Dd)/2Dd| (6) 


Furthermore, development of same induced voltage as on rolling- 
elements occurs on the track surface of outer race under the influ- 
ence of voltage existing on surfaces of rolling-elements. So, the 
potential difference between the rolling-elements and outer race 
will be of insignificant value as the outer race of bearing is 
stationary [22]. 


7 Bearing Resistance 


The resistance between the track surface of the inner race and 
rolling-elements depends on bearing kinematics, lubricant film 
thickness, width of contact between track surface and rolling- 
elements and the number of rolling-elements in loaded zone. For 
the bearing using low-resistivity lubricant (10° ohm-m), the re- 
sistance (R,) of the bearing as determined is found to very be- 
tween 0.1 to 0.5 ohm (Prashad [4]). 
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8 Localized Electrical Current in Bearings 


Localized current between the track surface of the inner race, 
and rolling-elements is determined using Eq. (6) and the contact 
resistance (R_), and is given as: 


1,=E,;,/R.=(EIR,)[(D?—d?—-2Dd)/2Dd] (7) 


9 Field Strength on Track Surface of Races and 
Rolling-Elements 


Due to the presence of localized electrical current in the partial/ 
complete arc of the inner race and rolling-elements, the field 
strength develops on the track surfaces of rolling-elements and 
inner race in due course. The field strength on these elements can 
be determined separately as reported by Prashad [6]. 


9.1 Field Strength on the Track Surface of Inner Race. 
The field strength (H;,,-) on the track surface of the inner race due 
to flow of current in rolling-elements is determined as [6]: 


Hj, =2 71 ,[R?— Rj? VR? (8) 


9.2 Field Strength on Rolling-Elements. On rotation, 
rolling-elements change polarity, and the outer race being station- 
ary, the field strength on the surface of rolling-elements depends 
on the flow of circular current in inner race and is given as [6]: 


Hi-=271,R;(R?—R;)/R4 (9) 


The chances of development of significant field strength on the 
track surface of outer race due to the flow of intermittent local 
current in the track arcs of inner race and rolling-elements are 
quite remote, and hence it is not considered in the analysis. How- 
ever, sometimes development of traces of flux density on the outer 
race track surface can not be ruled out. 


10 Magnetic Flux Density 


The field strength on the track surface of the inner race and 
rolling-elements of bearing give rise to the development of mag- 
netic flux density on these surfaces. These can be determined ana- 
lytically as reported by Prashad [6]. 


10.1 Magnetic Flux Density on Track Surface of Inner 
Race. The magnetic flux density on the track surface of the 
inner race of the bearing, B;,, due to field strength, H,,,., in an oil 
medium of relative permeability, U,, with respect to free space is 
given by Prashad [6]: 


B,,=UU,H,;,=47X10-7U,.H;,,, (in tesla) (10) 
Which is determined (in gauss) using Eq. (8) as: 
B,,=78.96X 10° 3U, .,[R?— R; VR. (11) 


10.2 Magnetic Flux Density on Track Surface of Rolling- 
Elements. On using Eqs. (9) and (10), the residual flux density 
on a few rolling-elements (in gauss) is determined as: 


B,=78.96X 10°-3U L,R;,[R?—R; 7 VR* (12) 


In may be noted that the residual magnetization of steel, remain- 
ing after an alternating magnetizing current is switched off, bears 
no simple theoretical relationship to the magnetization during pas- 
sage of a direct current of the same effective value, as established. 


11 Determination of Time Span for the Appearance of 
Flutes on the Track Surfaces 


Instant thermal stresses due to thermal transients on the roller 
track of races caused by roller contact under the influence of elec- 
trical current depends on instant rise in temperature. As the tem- 
perature rise stabilizes, the contact thermal stresses increase and 
affect the fatigue life. The duration the bearing would have taken 
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after the slip bands formation before appearance of flutes/ 
corrugations on the track surface of inner race is determined as 
(Prashad [23]): 


t= (1. Ocor) (B.D, + B.D, +L.d.N)(B.D;,.Aj,-1 
+B.D,,.A,, '+L.d.N.A,!)/2E,; 1, -Y 


or 


(13) 


12 Data Deduction 


All the failed bearings both on NDE and DE ends of the three 
motors were examined. In these bearings the damage as reported 
in Section 2 was studied. Investigations were carried out on NU 
228 bearings and flux density distribution on their track surfaces 
was detected using Hall probe similar to procedure reported by the 
author [6]. Pitch of corrugations on the track surfaces of the NU 
228 bearing was measured. The theoretical time span for the for- 
mation of corrugations after the slip band formation was deter- 
mined using Eq. (13). The dimensional and operating parameters 
of bearing type NU 228 and various determined values of 
measured/analytical parameters are given in Table 1 and 2, 
respectively. 


13 Result and Discussions 


13.1 Potential Difference Between Rolling-Elements and 
Track Surface of Inner Race and Flow of Localized Current 
Between Them. The potential difference between the rolling- 
elements and track surface of inner race of an insulated bearing 
working under the influence of shaft voltage depends on shaft 
voltage, pitch diameter and diameter of rolling-elements as per the 
derived relations in Eq. (6). Bearing type NU 228, working under 
the influence of shaft voltage of 1.6 V, develops potential differ- 
ence of 2.46 V between the rolling-elements and the track surface 
of the inner race. The ratio of this potential difference to the shaft 
voltage, E,;,/E,, has been worked out as 1.54 (Table 2). This 
ratio depends on the speed of rotation of rolling-elements to the 
shaft speed and is a function of dimensional parameters of a roller 
bearing, Eq. (3). Furthermore, localized electric current between 
the track surface of the inner race and rolling-elements depends on 
the potential difference (E,„;,) and contact resistance (R,). It is a 
function of shaft voltage, E, contact resistance, R,, and dimen- 
sional parameters of the bearing Eq. (7). The intensity of local 
current, theoretically has been determined as 12.30 A for the ex- 
isting shaft voltage of 1.6 V and resistance, R., of 0.2 ohm. 
(Table 2). The localized electrical current damages the track sur- 
faces of bearing in due course and lead to form corrugations as 
shown in Fig. 2. On the contrary, for the shaft voltages of 500 mV 
and 200 mV, the value of local current has been determined as 
3.84 A and 1.54 A, respectively. These low values of current do 
not affect the bearing during operation. In addition, the outer race 
being stationary, significant potential difference is not generated 
between the outer race and rolling-elements, and thus current does 
not pass between them. However, momentarily circular current, 
through an arc of the outer race can flow as and when proximity 
contact of the outer race and rolling-elements takes place in a 
sector due to instabilities/vibrations during operation. 


13.2 Residual Flux Density Distribution on the Track Sur- 
face of Inner Race and Rolling-Elements. Flow of current be- 
tween the track surface of inner race and rolling-elements due to 
the existing potential drop leads to generate the residual flux den- 
sity distribution on the track surface of inner race and rolling- 
elements in due course. The flux density on the track surface of 
the inner race has been determined theoretically as 3.6 gauss, 
using Eq. (8). Maximum value of flux density was determined as 
5 gauss by measurement (Table 1). On a few rolling-elements flux 
density was determined and found to be maximum 4 gauss. Theo- 
retically, flux density was determined as 2.7 gauss on rolling- 
elements using Eq. (9). The presence of flux density by measure- 
ment and theoretical investigations indicates that the localized 
current has passed through the bearing arc partially (Prashad [6]). 
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This has created corrugations/flutes on inner race track surface of 
the bearings and deteriorated the lubricant which has corroded the 
surfaces of bearings and led to failure by the reduction of fatigue 
life (Prashad [10,12,24]). 


13.3 Assessment of Time Span Before Appearance of 
Flutes on the Track Surfaces. As a result of the shearing of 
atomic planes within the crystals, some crystals on the roller track 
of the inner or outer race develop slip bands. The slip bands are 
formed in the subsurface prior to the appearance of flutes/ 
corrugations on the track surfaces. The formation of slip bands is 
initiated by shear stress caused by operating parameters, and is 
accelerated by passage of electric current, corrosion and oxidation 
of track surfaces. Furthermore, formation of slip bands depends 
on lubricant characteristics and quality of a bearing. The follow- 
ing may take place before the initiation of corrugations: 


1 Generation of persistent slip bands (PSB). 

2 Crack form along PSB and initiated from the tip of slip 
bands. 

3 Formation and propagation of flutes/corrugations on the track 
surface. 


After the cracks/slip bands under the track surfaces are initi- 
ated, the process that governs the propagation leading to the for- 
mation of corrugations/flutes is considered by the continuum 
theory of Griffith (Prashad [10,23]). 

The time span, a bearing takes before formation of flutes on the 
track surfaces after the slip bands formation depends on the di- 
mensions of the track surface, pitch of corrugations, number of 
rolling-elements, potential difference between the track surface 
and rolling-elements, intensity of local current and properties of 
the bearing material. Pitch of corrugations on rolling-elements and 
outer race were not found and hence the values of A,~', Ap, ! 
are negligible, Eq. (13). This time span, f, for the initiation of 
corrugations is determined as 107.45 hrs, using Eq. (13), without 
considering the time for formation of slip bands (Table 2). The net 
time for the development of slip bands including that of flute 
formation on track surface of the inner race after commissioning 
is found to be approximately 300 hrs according to site data as 
given in Table 2. This might match practically with the actual time 
of initiation of flutes after formation of slip bands, as determined, 
analytically. 


13.4 Mechanism of Bearing Failure. Electrical current 
damage of a bearing is of two types. In the first type, when the 
low resistivity lubricant (<10° ohm-m) is used in the roller bear- 
ings, a silent discharge occurs through the bearing elements under 
the influence of electrical current. This decomposes the used lu- 
bricant and corrodes the surfaces of the bearings, which lowers 
the fatigue life of the bearings as discussed by Prashad [3,12]. 
Furthermore, passage of current through a bearing increases its 
operating temperature. Subsequently, thermal stresses are in- 
creased and surface heating takes place, which leads to low tem- 
perature tempering of the track surfaces. This accelerates the for- 
mation of slip bands and corrugations on the track surfaces in due 
course (Prashad [10,18]). Magnetic flux density is also developed 
on the track surfaces, and original structure of the lubricant un- 
dergoes changes [6,12]. 

In the second type of bearing failure, when the high resistivity 
lubricant (> 10° ohm-m) is used in the roller bearings, an accu- 
mulation of charges occurs on the track surfaces until it reaches a 
threshold critical value when breakdown takes place. This leads to 
damage of the track surface caused by arcing. This is accompa- 
nied by mass transfer and elevated local temperature on the asper- 
ity of the contact surfaces (Prashad [4,25]). 


14 Conclusion and Recommendations 


1 Under the influence of higher shaft voltage, a rolling-element 
bearing using low resistivity lubricant, may deteriorate due to the 
development of potential difference between track surface of inner 
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Table 1 
bearing 


Dimensional and operating parameters of NU 228 
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79 mm 
125 mm 
116 mm 
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Experimental and theoretical data 


1.6 V 

0.20 ohm 

2.46 V 

1.54 

12.30 A 

210x 10° N/m? 

3.6 gauss (theoretical) 

5 gauss (maximum on measurement) 
3 gauss (experimental on a few 
rolling-elements) 

2.7 gauss (theoretical) 

0.25 mm 
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107.45 hr 

300 hr 
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race and rolling-elements. This lead to the passage of localized 
current depending on the contact resistance between them. 

2 The potential difference between the track surface of inner 
race and rolling-elements develops because of the higher fre- 
quency of rotation of rolling-elements as compared to the shaft 
speed. The potential difference, thus developed, depends on shaft 
voltage and bearing kinematics. 

3 The ratio of potential difference between track surfaces of 
inner race and rolling-elements to that of shaft voltage is a func- 
tion of pitch and rolling-elements diameters of a bearing. For the 
NU 228 bearing, it is determined as 1.54. 

4 The development of magnetic flux density on the track sur- 
face of the inner race and rolling-elements indicates flow of lo- 
cally generated current between them. 

5 The time of appearance of flutes on the track surface can be 
estimated by bearing kinematics, existing potential difference be- 
tween track surface of inner race and rolling-elements, value of 
localized current, properties of bearing material together with 
measured values of pitch of the corrugations on the track surfaces. 

6 The failure of a bearing by the localized current can be 
avoided by limiting the shaft voltage to a maximum of 200 mV. In 
case a higher value of shaft voltage persists, it is preferable to 
ground a brush. However, sometimes by altering the path of flow 
of circular current through dismantling and reassembling of the 
bearing as a means of modulation of track surfaces under interac- 
tion, the effect of localized current can be minimized. 

7 Study of localized current in rolling-element bearings is a 
complex phenomenon and needs solution of complex analytical 
models and investigations. 
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